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Abstract 
This paper presents the numerical and theoretical study on the behavior of cold formed steel lipped angle column 
under axial compression. Three types of sections were chosen for this study are based on the geometric limitations 
for the pre-qualified sections provided in the North American Specifications for Cold formed steel structures (AISI 
S100 – 2007) The finite element models were developed by using ABAQUS 6.10 Software. Geometric and material 
non linearities were included in the model. The FEA was carried out by ABAQUS and these results were validated 
by the existing available experimental results. After the validation of the FEM, the parametric study was conducted 
by varying the cross section, thickness and yield stress. Theoretical study was carried out using Direct Strength 
Method in the North American Specifications for Cold formed steel structures. The parametric results were 
compared with the Direct Strength method. Based on the comparison of results suitable recommendations were 
suggested for the prediction of nominal strength of the equal angle column.  
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1. INTRODUCTION 
Thin sheet steel products are extensively used in the 
building industry, and range from purlins to roof 
sheeting and floor decking. These thin steel sections 
are called as cold-formed because their 
manufacturing process involves forming steel 
sections in a room temperature (i.e. Without 
application of heat) from steel sheets of uniform 
thickness. These are known as Cold Formed Steel 
Sections. Sometimes they are also called Light Gauge 
Steel Sections or Cold Rolled Steel Sections.  
In this paper, test specimens were designed, to 
observe distortional buckling mode. A total of 36  
 
specimens of lipped angle columns were tested under 
axial compression. Based on the maximum allowable 
Flat-Width to Thickness ratio w/t ≤ 60, the 
dimensions of the sections were determined.  
2.  FINITE ELEMENT MODELLING 
AND ANALYSIS 
2.1 General 
Finite element software ABAQUS was used for 
modeling the cold-formed steel angle columns. Three 
type of sections were chosen for the analysis as 
shown in  
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Figure 1.The section dimensions were determined 
with the allowable Flat-Width to Thickness ratio 
(w/t).  
Table 1 shows the Dimensions of the cross section. 
 
           Type 1                 Type 2                Type 3 
 
Figure: 1 Cross section of the specimens 
 
Section 
 
Depth 
(h) 
mm 
Width 
(b) 
mm 
Depth 
of lip 
(d) 
mm 
Thickness 
(t) 
mm 
Length 
(L) 
mm 
Degree 
of 
inclination 
Type 1 80 80 15 
1.2,1.6, 
2,3 
1000 0 
Type 2 80 80 15 
1.2,1.6, 
2,3 
1000 45 
Type 3 80 80 15 
1.2,1.6, 
2,3 
1000 45 
 
Table: 1 Dimensions of the cross section 
 
2.2 Material properties 
The following material properties were taken for the 
input of the FEA. 
 Yield stress - 200,300,350 N/mm²  
 Poisson’s ratio - 0.3  
 Young’s modulus - 2.0 x 10⁵ N/mm²  
 Thickness -1.2, 1.6, 2 and 3 mm 
 
2.3 Modeling of the specimen 
The angle sections were modeled using shell element. 
The numerical models were discretized with the 
reduced integration four-noded doubly curved shell 
element and it has five degrees of freedom per node 
(S4R4). The mesh size for the shell elements was 10 
mm x 10 mm (length by width). Figure 2 shows the 
meshing of the section. 
 
Figure: 2 Meshing of the section 
 
2.4 Loading and boundary conditions 
The FEM was carried out under hinged end support 
conditions. The hinged end conditions were adopted 
by restraining the translational degree of freedom in 
the three directions x, y, and z and also along z-axis 
at the bottom ends, where at the top translation in x 
and y directions and rotation concerning z-axis were 
restrained. Figure 3 shows the modeling of MPC 
constraint. The MPC constraint was created in CG of 
specimen. The axial compressive load was applied on 
top of the specimen through MPC. 
 
 
Figure: 3 MPC constraints of the section 
 
3. VALIDATION OF FEM  
For the validation of the FEM, the experimental 
results were taken from the literature “Y.Shifferaw, 
B.W.Schafer”, Thin walled structures 2014. Table 2 
shows the geometric and material properties of tests 
and Table  3 shows the experimental results collected 
from the literature. The deformed shape of the section 
is shown in figure 4 
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Table: 2 Geometric and material properties of 
tests 
 
 
 
Figure: 4  Deformed shape of the section 
The experimental results obtained from the 
Y.Shifferaw, B.W.Schafer were compared with the 
FEA results and it is presented in Table 4 and it 
shows that the FEA accurately predicts the 
experimental results. So, that the extensive 
parametric study was conducted by varying cross 
section, yield stress, thickness of the specimen. 
 
 
 
 
Specimen 
Pcr kN 
(failure 
mode) 
Ptest  kN 
(failure 
mode) 
Ptest/ 
Pcr 
Ptest/PAISI-
S100-01 
L1.2L250 550.88(FT) 59.7(L) 0.11 0.99 
L1.2L1000 37.14(FT) 40.3(L+FT) 1.09 1.23 
L1.2L1500 18.10(FT) 33.4(L+FT) 1.85 1.77 
L1.2L2000 11.43(FT) 30.3(L+FT) 2.65 2.58 
L1.2L2500 8.32(FT) 27.2(L+FT+F) 3.27 3.21 
L1.2L3000 6.67(FT) 22.3(L+FT+F) 3.34 3.35 
 
Table: 3 Experimental results fron the literature 
 
Specimen 
(from 
literature) 
Length 
mm 
Experimental 
load (from 
literature) kN 
Finite 
element 
load kN 
PEXP/PFEM 
L1.2 1000 40.3 42.5 0.948 
L1.2 1500 33.4 35.5 0.940 
L1.2 2000 30.3 31.5 0.962 
 
Table: 4 Comparison of experimental load with FEM 
load 
4. DIRECT STRENGTH METHOD 
4.1 General 
Generally, two methods were available for the 
designs of cold formed steel sections are “Effective 
width method” and “Direct strength method”. The 
results obtained from the finite element analysis were 
compared with the direct strength method. 
4.2 Direct strength method 
The design strength was calculated by Direct strength 
Method (DSM) in AS/NZ Specification 4600:2005 
for Cold-formed Steel section. The nominal axial 
strength of the column is minimum value among the 
following three equations such as,  
Flexural, Torsional, or Flexural-Torsional Buckling 
Specimen 
group 
Leg 
mm 
Lip
mm 
t  
mm 
fy 
(Mpa) 
r1m
m 
fu 
(Mpa) 
εu 
(%) 
E 
(Gpa) 
L1.2 72.3 17.0 1.2 580 2.6 595 9 211 
L1.5 73.5 16.8 1.498 505 2.6 550 11 212 
L1.9 73.6 17.7 1.892 495 2.6 535 10 213 
P1.2 71.7 - 1.171 550 2.6 575 10 208 
P1.5 71.5 - 1.496 530 2.6 550 11 207 
P1.9 72.0 - 1.883 500 2.6 530 11 208 
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The nominal axial strength is, 
For λc ≤ 1.5 
Pne = (0.658 λc²) Py 
 
For λc > 1.5   
 (1) 
Pne = ( ) Py 
Where λc =  
Py =Ag Fy 
Local buckling 
The nominal axial strength is, 
For λl ≤ 0.776 
Pnl = Pne 
 
For λl >0.776   
 (2) 
Pnl =  
Where, λl =  
Distortional buckling 
The nominal axial strength is, 
For λd ≤ 0.561 
Pnd = Py 
 
For λd >0.561   
 (3) 
 
Where, λd =  
 
 
 
5. RESULTS AND  DISCUSSIONS  
5.1 General 
The numerical results were compared with the design 
strength calculated using Direct Strength method 
from the North American Specification for cold 
formed steel structures. Table 5 shows the 
comparison of DSM and FEM results. 
 
Section 
Thickness 
mm 
Yield 
stress 
N/mm2 
PDSM 
Kn 
PFEM 
kN 
PFEM/ 
PDSM 
 
Buckling 
mode 
 
 
 
 
80 x 80 
mm 
Type 1 
1.2 250 30.96 14.2 0.458 D+F 
 300 32.71 15.9 0.486 D+F 
 350 33.90 17.6 0.519 D+F 
1.6 250 47.99 20.8 0.433 D+F 
 300 52.93 23.1 0.436 D+F 
 350 57.37 25 0.435 D+F 
2 250 60.79 28.7 0.472 D+F 
 300 66.72 31.5 0.472 D+F 
 350 71.19 34.1 0.478 D+F 
3 250 99.00 56.8 0.573 D+F 
 300 110.4 60.5 0.547 D+F 
 350 119.8 63.8 0.532 D+F 
 
 
 
 
80 x 80 
mm 
Type 2 
1.2 250 42.79 22.7 0.530 D+F 
 300 48.63 24.9 0.512 D+F 
 350 53.72 27.4 0.510 D+F 
1.6 250 56.02 35.1 0.626 D+F 
 300 63.42 37.8 0.595 D+F 
 350 69.80 40.6 0.581 D+F 
2 250 70.59 49.7 0.704 D+F 
 300 80.04 45.8 0.572 D+F 
 350 88.23 57.1 0.647 D+F 
3 250 108.4 78.7 0.725 D+F 
 300 123.5 87.3 0.706 D+F 
 350 136.8 95.1 0.694 D+F 
 
Table: 5 Comparison of results. 
Note: D-Distortional Buckling, F-Flexural Buck
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Note: D-Distortional Buckling, F-Flexural Buckling 
Table: 6 Comparison of DSM and FEM results 
Axial load vs Axial shortening for various thickness 
such as 1.2 mm, 1.6 mm, 2 mm and 3 mm are shown 
in  Figures 5 to 8 
 
Figure: 5 Axial load vs axial shortening for thickness 
1.2 mm 
 
Figure: 6 Axial load vs axial shortening for 
thickness 1.6 mm 
 
Figure: 7 Axial load vs axial shortening for 
thickness 2 mm 
 
Figure: 8 Axial load vs axial shortening for 
thickness 3 mm 
6. PROPOSED EQUATION 
The nominal strength calculated from the DSM is 
higher than the strength obtained from the FEA. So 
the new equation is proposed to predict the strength 
accurately.  
Y= 0.753 x – 10.93 
Y= PFEM, X=PDSM 
The above strength equation shows the relationship 
between FEM and DSM. Based on this equation the 
ultimate load carrying capacity of the columns were 
determined. 
 
 
Section 
Thickness 
mm 
Yield 
stress 
N/m
m
2
 
PDSM 
kN 
PFEM 
kN 
PFEM/ 
PDSM 
 
Buckling 
mode 
 
 
 
 
80 x 
80 mm 
Type3 
1.2 250 50.24 33.8 0.674 D+F 
 300 58.56 37.5 0.640 D+F 
 350 66.36 40.4 0.608 D+F 
1.6 250 67.07 46.9 0.699 D+F 
 300 78.20 51.7 0.661 D+F 
 350 88.65 55.8 0.630 D+F 
2 250 84.00 59.3 0.706 D+F 
 300 97.98 65.5 0.668 D+F 
 350 111.1 71.2 0.641 D+F 
3 250 126.7 93.8 0.740 D+F 
 300 148.0 104 0.951 D+F 
 350 168.0 114 0.678 D+F 
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Figure: 9 DSM vs. FEM curve 
So, a new design equation was proposed to predict the 
accurate results of FEA. Figure 9 shows that the graph 
drawn between PFEM vs PDSM. 
7. CONCLUSION 
This project described the buckling behavior and 
ultimate strength of cold-formed steel lipped and 
stiffened angle columns. Numerical finite element 
analysis was performed by ABAQUS software. The 
developed finite element model was validated by 
previous experimental results. After that the 
parametric studies were carried out by varying the 
yield stress (200, 300, and 350 MPa), thickness (1.2, 
1.6, 2 and 3 mm) of columns. The column strengths 
predicted by the finite element analysis were 
compared with the current design rule DSM-AISI 
S100: 2007. It was found that current design rule in 
the direct strength method over predict the member 
capacity. Based on the results of the parametric 
study, suitable recommendations were made to 
calculate the ultimate capacity of the columns. 
However, it can be concluded that the proposed 
equation can account for distortional and flexural 
buckling which predicts the ultimate strength of the 
compression members.  
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